A 59-year-old man with recurrent oral cancer presented with severe pancytopenia, hyponatremia and hypoglycemia. Endocrine testing showed a partial primary adrenal insufficiency and primary hypothyroidism. The bone marrow biopsy showed a gelatinous transformation with hypocellularity and fat atrophy. His pancytopenia, hyponatremia and hypoglycemia resolved following treatment with corticosteroids and thyroid hormone replacement therapy. The follow-up bone marrow biopsy demonstrated a resolution of the gelatinous transformation. This case is a rare example of a patient with a primary insufficiency of the adrenal and thyroid glands that is associated with gelatinous bone marrow transformation (GMT). The GMT was resolved through the admimistration of corticosteroids and thyroid hormone replacement therapy.
Introduction
Gelatinous bone marrow transformation (GMT) is a rare disorder of unknown pathogenesis that is characterized by fat cell atrophy, focal loss of hematopoietic cells and the deposition of extracellular gelatinous material which is composed of mucopolysaccharides and is rich in hyaluronic acid (1, 2) . GMT is not a specific disease of the bone marrow, but it is instead associated with generalized severe illnesses (3) . There are several reports of the associations between GMT and anorexia nervosa (4) (5) (6) , malignancy (7, 8) and infectious diseases such as tuberculosis (9) , human immunodeficiency virus (HIV) and acquired immune deficiency syndrome (AIDS) (10, 11) . However, there have so far been few reports describing the associations between GMT and metabolic abnormalities.We herein present the first reported case of an association between GMT and a primary insufficiency of the adrenal and thyroid glands. This case was successfully treated with corticosteroids and thyroid hormone replacement therapy.
Case Report
A 59-year-old man was admitted to our hospital for treatment of his fourth recurrence of oral cancer. He was diagnosed with oropharyngeal, hypopharyngeal and esophageal cancers at 50 years of age, and underwent laryngopharyngectomy, total esophagectomy, right thyroidectomy, postoperative radiation therapy and chemotherapy with docetaxel. Three years later, at 53 years of age, he was diagnosed with his first recurrence of oral cancer, and underwent surgical resection. He had 3 subsequent recurrences of oral cancer within 6 years, and was treated with surgical resection or platelet count, Na: sodium, K: potassium, Cl: chloride, Ca: calcium, P: phosphorus, UN: blood urea nitrogen, Cr: creatinine, UA: uric acid, AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase, -GT: -glutamyl transferase, ChE: cholinesterase, LDH: lactate dehydrogenase, TP: total protein, Alb: albumin, T-Cho: total cholesterol, TG: triglycerides, HDL-C: high-density lipoprotein cholesterol, FPG: fasting plasma glucose, HbA1c: hemoglobin A1c, NGSP: national glycohemoglobin standardization program, CPR: C-peptide reactivity, P-Osm: plasma osmolarity, U-Na: urinary sodium, U-Cr: urinary creatinine, U-Osm: urinary osmolarity chemotherapy each time. He had been diagnosed with epilepsy at age 35. He had tried several antiepileptic drugs, but most were discontinued due to either adverse effects or limited effectiveness. He was eventually treated with phenytoin at a dosage of 180 mg/day starting at age 49. He was diagnosed with primary hypothyroidism at 58 years of age, and was treated with levothyroxine sodium at a dosage of 75 μg/ day.
Upon this admission, his height was 156.3 cm, his weight was 35.2 kg and his body mass index (BMI) was 14.4 kg/ m 2 . He was alert and oriented but he had a flat affect and complained of fatigue. His blood pressure was 94/68 mmHg, his pulse rate was 74 bpm and his body temperature was 35.3 . No abnormal pigmentation of the skin or mucosa was observed. He had only scant pubic and auxiliary hair growth. He had recurrent cancer in the left floor of his mouth, and his left cervical lymph nodes were enlarged. He had a permanent tracheostomy in place as a result of his previous surgery, therefore, his thyroid gland was not palpable. There was no peripheral edema. The routine laboratory results are shown in Table 1 . He had severe pancytopenia with a white blood cell count of 1,500/μL, a hemoglobin level of 6.7 g/dL and a platelet count of 6.4×10 4 /μL. He also had severe hyponatremia, as indicated by a serum sodium concentration of 119 mEq/L, and hypoglycemia, as indicated by a fasting plasma glucose level of 62 mg/dL. He was previously unaware of his hypoglycemia. His low levels of albumin, cholinesterase and total cholesterol suggested a poor nutritional status. Additional laboratory data, including the basal endocrinological data, are shown in Table 2 . His serum cortisol and aldosterone levels were within normal limits, but his urinary excretion of free cortisol was decreased, his serum dehydroepiandrosterone-sulfate level was decreased and his plasma adrenocorticotropic hormone (ACTH) level was increased. His serum free triiodothyronine and free thyroxine levels were decreased, and his serum thyroid stimulating hormone level was increased despite his replacement therapy of levothyroxine sodium at a dosage of 75 μg/day. He was negative for the anti-thyroglobulin antibody, the anti-thyroid peroxidase antibody and the antiadrenocortical antibody. There was no evidence of an infection with HIV, tuberculosis, fungi or cytomegalovirus. His serum cortisol level showed a partial response to the intravenous administration of 250 μg of ACTH (Table 3) . His plasma ACTH level responded normally to an intravenous administration of 100 μg of a corticotrophin-releasing hormone (Table 3) . His urinary excretion of free cortisol adequately increased after the intramuscular administration of long-acting ACTH at a dosage of 1 mg/day for 4 days (Table 3). Abdominal computed tomography showed no morphological abnormalities of the adrenal glands. Contrast enhanced magnetic resonance imaging of the pituitary gland was normal. The thyroid gland could not be detected with ultrasonography because of his previous surgeries. Based on these results, he was diagnosed with a partial idiopathic primary adrenal insufficiency and primary hypothyroidism, the latter of which could have been caused by the removal of his right thyroid and the subsequent postoperative irradiation. A dry tap bone marrow aspiration and biopsy from his iliac crest showed the gelatinous material that is associated with marrow hypoplasia and fat atrophy (Fig. 1) . The gelatinous material accounted for approximately 70% of the bone marrow space. We canceled the planned chemotherapy for his oral cancer and started hydrocortisone replacement therapy at a dosage of 10 mg/day, which we gradually increased to 20 mg/day. The time course of the changes in the laboratory values following his admission is shown in Fig. 2 . Following the initiation of the hydrocortisone replacement therapy, his hyponatremia gradually improved and his hypoglycemia resolved. His pancytopenia also improved markedly. We then gradually increased his dosage of levothyroxine sodium to a dosage of 150 μg/day in order to normalize his thyroid function. His hyponatremia and pancytopenia subsequently resolved completely. His face became more expressive and his fatigue resolved. His blood pressure increased to 110/70 mmHg. He gained a little weight and his BMI increased to 15.8 kg/m 2 . His hypoalbuminemia and hypocholesterolemia resolved, as indicated by an albumin level of 3.8 g/dL and a cholesterol level of 168 mg/dL, respectively. A follow-up bone marrow biopsy that was performed after 5 months of hormone replacement therapy revealed the presence of normocellular marrow without any gelatinous material (Fig. 3) .
Discussion
GMT is characterized by focal hypoplasia of the fat and hematopoietic cells in the bone marrow and the accumulation of an extracellular gelatinous material that is mainly composed of hyaluronic acid (1, 2). GMT was first recognized in autopsy specimens of patients with a history of prolonged starvation and cachexia, and has also been termed "starvation marrow" or "fat atrophy" (12) . GMT is not a specific disease of the bone marrow, but is found in some patients with severe illnesses (3). Several cases of GMT have been reported, but in most instances, the GMT was as- sociated with anorexia nervosa (4-6), HIV or AIDS (10, 11). Bohm described 155 cases of GMT that were identified among 80,000 marrow biopsies (3). He reported that 37.5% of the affected patients had tumors (including nonHodgkin's lymphoma and carcinoma), 16.8% were malnourished (due to causes such as alcoholism or anorexia nervosa), 11.8% had infectious diseases (such as AIDS or an acute febrile illness), 10.1% had maldigestion (due to stomach ulcers or previous gastrectomy) and 7.0% had congestive heart failure. Sen et al. reported the findings of 65 cases of GMT with a very similar spectrum of underlying diseases; most of these cases of GMT were associated with weight loss and chronic malnutrition (13) . Hyaluronic acid has been suggested to replace the fat cells in the marrow that are used during a catabolic state, but the mechanisms leading to GMT are still unclear (6, 12) . GMT may be reversible if the underlying disorder is treated, and the complete disappearance of GMT has been reported in patients that were treated for anorexia nervosa (6) . There have so far been very few reports of cases of GMT that are associated with metabolic disorders. Bohm reported that 5.4% of the reviewed GMT cases were associated with metabolic disorders such as type 1 diabetes mellitus or hypothyroidism, but there were no clinical details provided, and the responses to the treatments were not reported (3). Only one case of GMT associated with hypothyroidism has been reported (14) . To the best of our knowledge, GMT associated with an adrenal insufficiency has not previously been reported. In our patient, we believe that the GMT was caused by an adrenal insufficiency along with hypothyroidism because his pancytopenia clearly improved after the initiation of hydrocortisone replacement therapy, but before any improvements in his thyroid hormone levels were noted. This case, therefore, is a rare case of GMT associated with an adrenal insufficiency. This case demonstrated the reversal of both pancytopenia and GMT following a course of corticosteroid and thyroid hormone replacement therapy.
It is possible that our patient's GMT was partly caused by cachexia due to the effects of his oral cancer. Both the pancytopenia and GMT were reversed with hormone replacement therapy alone, but his poor nutritional status was also partly improved following the resolution of several metabolic abnormalities. Therefore, it cannot be ruled out that the improvement of his nutritional status could have also contributed to the reversal of his GMT.
It is also possible that regardless of the treatment of his adrenal insufficiency, the GMT could have been reversed by the glucocorticoid therapy which was administered in tandem with the steps taken to improve his nutritional status. In addition, the markedly increased cortisol levels that were observed after an intramuscular administration of longacting ACTH at a dosage of 1 mg/day for 4 days could have demonstrated a pharmacological effect for the resolution of his GMT. However, there have been no previous reports of the reversal of GMT through glucocorticoid therapy alone.
The patient was diagnosed with an idiopathic primary ad-renal insufficiency of an unknown etiology. There have been no reports of an adrenal insufficiency caused by either cachexia or a poor nutritional status. It is also unlikely that his adrenal insufficiency was caused by a metastasis of his oral cancer because there were no morphological abnormalities noted in his adrenal glands. It is possible that his primary adrenal insufficiency could have been caused by autoimmune adrenalitis; however, the findings of an antiadrenocortical antibody assay were negative. The patient's serum cortisol level showed a partial response to a rapid ACTH test and his urinary excretion of free cortisol was adequately increased after the administration of ACTH at a dosage of 1 mg/day for 4 days. The cortisol response to the ACTH depends on the degree of adrenal failure, and some patients with partial or mild primary adrenal insufficiency may have borderline or normal ACTH stimulation test results. A diagnosis of adrenal insufficiency should, therefore, not be based on the ACTH stimulation test results alone, but also on such clinical evidence as a serum electrolyte imbalance or an elevation of the plasma ACTH level. In our patient, the plasma ACTH level remained high after repeated measurements, and his low blood pressure, hyponatremia and hypoglycemia were consistent with an adrenal insufficiency. He was therefore diagnosed with a partial primary adrenal insufficiency.
Several factors could have contributed to the development of both hyponatremia and hypoglycemia despite an existing partial adrenal insufficiency. One factor could be that his glucocorticoid requirement was relatively high because of his cachexia from the oral cancer. The thyroid hormone replacement therapy could have also increased his glucocorticoid requirements by stimulating his metabolism; however, in this case, the replacement dose prior to his admission was insufficient to cause this effect. The chronic administration of antiepileptic agents such as phenytoin could cause hepatic microsomal enzyme induction, thereby increasing the clearance rate of cortisol (15, 16) . A glucocorticoid deficiency has reportedly been developed following the initiation of phenytoin treatment in a patient with primary adrenal insufficiency (17) . It would be preferable to use a different antiepileptic drug which would not affect the hepatic clearance of synthetic steroids, but our patient required the continuation of his phenytoin treatment for seizure control.
The mechanisms causing GMT in patients with an adrenal insufficiency or hypothyroidism are unclear. The gelatinous material that forms in the bone marrow is histologically analogous to the mucopolysaccharide deposition that is characteristic of myxedema. This similarity may explain the association between GMT and hypothyroidism. The wide range of diseases associated with GMT suggests that the gelatinous change may result from changes to an unknown yet common bioregulatory pathway that is activated by these various pathological conditions. Another possibility is that many different bioregulatory pathways may lead to morphologically similar changes in the bone marrow. Interestingly, it has been reported that the total white cell count, the hemoglobin level and the platelet count did not correlate with the degree of GMT (3) . A number of patients with metabolic disorders may have GMT, especially patients with mild cytopenia, but this is not detected unless a bone marrow biopsy is performed. However, an examination of the bone marrow is not frequently performed in patients with metabolic disorders such as an adrenal insufficiency or hypothyroidism. An evaluation of a larger number of cases is needed in order to further evaluate the associations between metabolic disorders and GMT. This expanded evaluation could contribute to an increased understanding of the mechanisms that cause GMT, as well as a more complete picture of the roles of steroid and thyroid hormones in hematopoiesis.
In conclusion, we herein presented the findings of a rare case of a primary insufficiency of the adrenal and thyroid glands associated with GMT, which was successfully resolved through the use of corticosteroids and thyroid hormone replacement therapy.
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